In this paper, we used the database of the university of Michigan Radio Astronomy Observatory (UMRAO) at three (4.8 GHz, 8.0 GHZ, and 14.5 GHz) radio frequency to analyze the radio light curves by the power spectral analysis method in search of possible periodicity. The analysis results showed that the radio sources display astrophysically meaningful periodicity ranging from 2.2 to 20.8 years in their light curves at the three frequencies. We also calculated the variability parameters and investigated the correlations between the variability parameter and the flux density. For the variability parameters, we found that the parameters at higher frequency are higher than those in the lower frequency. In addition, the variability parameters of BL Lacertae objects are larger than those of flat-spectrum radio quasars. suggesting that they are more variable than flat spectrum radio quasars.
Introduction
The nature of the central engine of blazars and other classes of active galactic nuclei (AGNs) is still an open problem. Blazars' light curves were generated by using the data of their monitoring program, which have yielded very valuable information about the mechanisms operating in these sources and important implications for quasar modeling (Fan et al., 1998) . In the past two decades, optical monitoring program of blazars and other classes of AGNs have been conducted extensively by many groups around the globe, and blazars were reported to display flux variability on diverse time scales ranging from a few minutes to hours, to days, to months, and to even more than 10 years (Fan, 2005b) . The variability time scale on years gives the longterm variation information in the source and an important tool predicting other outburst times.
Radio monitoring programs were carried out at Bologna at 408 MHz (Bondi et al., 1996) , Michigan University at 4.8 GHz, 8 GHz, 14.5 GHz, and Metsähovi observatory at 22 GHz, 37 GHz, 87 GHz, ESO site on Cerro La Silla, Chile, at 90 GHz and 230 GHz (Tornikoski et al., 1996) . Using the data of these monitoring, many groups have investigated the variability properties and found that blazars show interesting results. Based on this radio data base, Kraus et al. (1999) report that blazars' emission is strongly beamed, Lahteenmaki & Valtaoja (1999) estimated the radio Doppler factors for a sample of radio sources, Ciaramella et al. (2004) investigated the possible periodicity for several selected objects, and Aller et al. (2003) investigated other variability properties.
In this paper, we make use of the UMRAO data base to investigate the possible periodicity, the variability parameter, and the correlation between the source brightness and the variability Send offprint requests to: J. H. Fan, e-mail: fjh@gzhu.edu.cn parameter. Section 2 presents the details about periodicity analysis method, Sect. 3 variability parameter, Sect. 4, the results of the present work, and in sect. 5 our discussions and conclusions are given.
Power spectral (Fourier) periodicity analysis method and results
There are many methods of time series data analysis. The fact that the astronomical observations are generally not evenly sampled will put some constraints on the analysis methods. In this paper, we used the power spectral analysis to search periodicity in the radio light curves of radio sources because it is a powerful and familiar method for detecting a periodic signal, and it gives some quantitative criteria for the detection of a periodic signal.
Many attempts at power spectral analysis have been made for the case that the data are unevenly spaced in time. the modified periodogram was widely used by astronomers (Scargle, 1982; Horne & Baliunas, 1986) , it is based on a least-square regression onto the two trial functions, sin(ωt) and cos(ωt). A superior technigue is the date-compensated discrete Fourier transform,or DCDFT (Ferraz-Mello, 1981; Foster, 1995) , a least-square regression on sin(ωt), cos(ωt) and constant. The DCDFT is a more powerful method than the modified periodogram for unevenlyspaced data, so we adopted it to the R light curve as Foster (1995) describes.
The observed data x(t i ) can define the data vector |x = [x(t 1 ), x(t 2 ), · · · , x(t N )].
(1)
First, defining the inner product of two funcitons f and g as the average value of the product f * g over the observation times {t n }, we get
A subspace are spanned by 3 trial functions φ 1 (t) = 1 (constant), φ 2 (t) = sin(ωt), and φ 3 (t) = cos(ωt). These 3 trial functions define a set of trial vectors, |φ α = [φ α (t 1 ), φ α (t 2 ), · · · , φ α (t N )], α = 1, 2, 3.
The data vector |x can be projected onto the subspace spanned by the |φ α results in a model vector |y and a residual vector |Θ ,
The model vector |y is defined as
The c α can be obtained by taking the inner product of each trial vector φ α with the data vector x, and we have
which defines the S matrix S αβ . Inverting this matrix yields the coefficients,
where s 2 is the estimated data variance, and it can be replaced by δ 2 . The power level of DCDFT is,
We adopted the false alarm probability, F (Horne & Baliunas, 1986) , to give a quantitative criterion for the detection of a periodic signal derived by DCDFT. It was done with the following steps. First, the power level of the periodogram is normalized by the total variance, P N (ω) = P X (ω)/δ 2 (9) The probability that P N (ω 0 ) is of height z or higher is Pr[P N (ω 0 ) > z] = e −z . Suppose that z is the highest peak in a periodogram that samples N i independent frequencies. The probability that each independent frequency is smaller than z is 1 − e −z , so the probability that each frequency is lower than z is [1 − e −z ] N i . Thus, the false alarm probability (FAP) can be defined,
To compute FAP, we need to know N i , which is not too difficult to obtain by a simple Monte Carlo method. The FAP tells us the probability that a peak of height z will occur, assuming that the data are pure noise. Consequently, the quantity 1 − F is the probability that the data contain a signal.
For illustration we present the analysis results in Fig. 1 for the strong sign of periods in 0605-085 at 8GHz, with the theoretical result obtained using two periods, namely a 7.16-year period with an amplitude of 0.582 and a 4.49-year period with an amplitude of 0.168, and Fig. 2 for the weakest sign of periods in 1040+123 at 8GHz. Table 1 . Periodicity results and the variability parameters of radio galaxies. Designation indicates the name of the source, Freq the frequency in units of GHz, δ N the root mean square deviation, the δ 2 N is the total variance of data; A -the amplitude, FAP -the false alarm probability of the determined possible period, Tms -the determined possible period in units of years, ObT -the time coverage of the light curve in units of years, N -the number of data points, VI -VI index, NVA -NVA index, RMSD -RMSD index, ID -source identification (B for BL Lacertae, Q for the flat spectrum radio quasar and G for galaxy). The superscript "F" means it is not a physically meaningful period ( FAP > 0.5 or Tms > ObT), and the superscript "P" means it is a possible time scale (FAP < 0.5 and 2 3
ObT < Tms < ObT). 
Designation

Variability parameter
Blazars are variable in the entire electromagnetic wavebands. The variability violence can be expressed by the variability parameter. In the optical bands, the variability violence can be reported by using the variation parameters, such as variability parameter C introduced by Romero et al. (1999) . In radio bands, the variability violence is discussed using the variability index (VI), the normalized variability amplitude(NVA), and the root mean square dispersion(RMS D). We described these radio variation parameters below.
Variability index(VI)
The variability index that measures the peak-to-trough variations in our flux density measurements can be calculated as introduced by Aller et al. (1992 Aller et al. ( , 2003 ; Ciaramella et al. (2004) :
where S max and S min are the peak and the lowest flux densities, and σ S max and σ S min are the associated measurement errors of the fluxes.
Normalized variability amplitude (NVA)
The normalized variability amplitude (NVA) was calculated in the following way. For each band, the mean X and standard deviation σ tot of the flux points and the mean error level σ err were determined (Edelson et al., 1996) . Since the NVA is free of the instrumental effect, it is calculated as
Root mean square dispersion (RMSD)
When a source has been observed at several epochs, whether the variability is a real one not can be determined by comparing the distribution of flux at the different epochs with a model in which the flux of the source is assumed to be non-variable (Edelson et al., 1992) . If S i represents the measured fluxes, then the mean flux S and the root mean square dispersion as a fraction of the mean are given by following equations, respectively,
where σ i is the uncertainty in the individual measurement, and χ 2 > 1 indicates that the assumption of non-variable flux is questionable (Kembhavi & Narlika, 1999) .
Results
Periodicity results and the variability parameters of radio galaxies are reported in Table 1 , in which Col. 1 represents the name of the source, Col. 2 Freq, the frequency in units of GHz, Col. 3 δ N , root mean square deviation, δ 2 N is the total variance of data, Col. 4 A, the amplitude, Col. 5 the FAP of the determined period. Col. 6 Tms, the determined period in units of years. The superscript "F" means it is not a physically meaningful period ( FAP > 0.5 or Tms > ObT), and the superscript "P" means it is a possible time scale (FAP < 0.5 and 2 3 ObT < Tms < ObT). Column. 7 ObT indicates the time coverage of the light curve in units of years, Col. 8 the data points (N), Col. 9 VI, Col. 10 NVA, Col. 11 RMSD, and Col. 12 the source identification (B for BL Lacertae, Q for flat spectrum radio quasar-FSRQ and G for galaxy).
For the whole and the subclass samples, the corresponding averaged values for the variability parameters are presented in Table 2 . The results based on the mutual correlation between different variability parameters are reported in the Table 3 and plotted in Fig. 3 .
The relationship between the variability parameters and brightness of the sources were determined by using the averaged 8 GHz flux density. The results are listed in Table 4 and the corresponding results are shown in the Fig. 4 .
Periodicity in the radio light curves: Individual source
The long-term variability period analysis was done at other wavebands for some sources in the literature. Here we compare the radio results with published optical and other EM band results.
PKS 0219+428 (3C 66A)
In optical bands, a 65-day period was reported by Lainela et al. (1999) . Long-term variability periods of 2.5 years (Belokon & Babadzhanyants, 2003) and 4.25±0.28 years (Fan et al., 2002a) were reported. In the present paper, no possible period can be found in the period analysis of the radio light curves.
AO 0235+164
A possible periodicity of ∼ 5.7 years was reported in the radio light curve by Roy et al. (2000) and Raiteri et al. (2001) . Our result shows that there is a period of 5.7±0.3 years in 8GHz with FAP = 0.452 and 5.8±0.3 years in 14.5GHz with FAP = 0.436, which are quite consistent with the earlier result.
S5 0716+714
A periodicity of 5.5−6 years was found in the radio emission by Raiteri et al. (2003) . Our result shows periods of 5.7 ± 0.5 years in 4.8GHz with FAP = 0.200 and 5.4 ± 0.3 years in 14.5GHz with FAP = 0.117, which are consistent with the earlier result.
PKS 0735+178
We report periods of 4.89 and 14.2 years in the optical band (Fan et al. 1997) . The period of 4.89 years was also found by Webb et al.(1988) . For the radio data, a period of 13.5 ± 0.9 years in 14.5GHz with FAP = 0.003 and possible periods of 12.9 ± 0.9 years in 4.8GHz with FAP = 0.002 and 15.0±1.2 years in 8GHz with FAP = 0.011 were found, which are quite consistent with the 14.2-year optical period. 4.1.5. PKS 0754+100
The periods of 3.0 ± 0.35 and 17.85 years were found in our earlier paper (Fan et al., 2002a) . In the present paper, periods of 6.6 ± 0.7 years in 4.8GHz with FAP = 0.222 and 6.8 ± 0.6 years in 14.5GHz with FAP = 0.278, 11.8 ± 2.3 years in 4.8 GHz with FAP = 0.182, 10.4 ± 0.8 years in 8GHz with FAP = 0.014, 11.3 ± 1.0 years in 14.5GHz with FAP = 0.015, and a possible period of 15.0 ± 3.6 years in 4.8GHz with FAP = 0.167 were also found. The 15.0 ± 3.6 year possible period is consistent with the optical result, 17.85 years.
PKS 0851+202 (OJ 287)
Sillanpaa et al. (1988) reported a 11.65-year period in the optical light curve. Periods of 5.53 ± 0.15 and 11.75±0.5 years were reported in our earlier paper (Fan et al., 2002a) . But the radio light curve shows periods of 8.8 ± 1.0 years in 4.8GHz with FAP = 0.445 and 9.4 ± 0.6 years in 8GHz with FAP = 0.266, which is very different from the previously reported optical periods.
PKS 1219+285
A 14.85±1.55 year period was found in the optical band (Fan et al., 2002a ). The present result shows a period of 10.4 ± 1.4 years in 8GHz with FAP = 0.293 and 10.0 ± 1.4 years in 14.5GHz with FAP = 0.306.
PKS 1226+023 (3C 273)
Periods of 2.0 years and 13.65±0.2 years were reported in the optical band. A possible period of 13.5 years was reported in the X-ray band by Manchanda (2002) 
PKS 1253-055 (3C 279)
The infrared light curve shows a period of 7.1±0.44 years (Fan, 1999 ). The present work shows periods of 5.1 ± 0. 
PKS 2155-304
Based on the optical light curves, periodicity of 4.6 and 7.0 years was reported (Fan & Lin, 2000) . In the present paper, no possible period was found by power spectral analysis. Table 3 . Correlation between variability parameters, 
PKS 2200+420 (BL Lacertae)
The optical periodicity was analyzed and found to be 14.0 years (Fan et al., 1998) . The present work reports periods of 3.9 ± 0.2 years in 4.8GHz with FAP = 0.471, 3.8±0.1 years in 8GHz with FAP = 0.189, 3.9 ± 0.1 years in 14.5GHz with FAP = 0.350, 7.8 ± 0.4 years in 4.8GHz with FAP = 0.021, 6.8 ± 0.3 years in 8GHz with FAP = 0.332, and 7.8 ± 0.4 years in 14.5GHz with FAP = 0.118. 
Discussions and conclusions
Blazars are variable over all electromagnetic wavelengths. Optical photometry is available for some blazars for about a century (Fan, 2005a) . The radio monitoring program started much too late, only about 40 years ago. But the radio monitoring coverage is also long enough for the periodicity analysis and the variability property investigations. There are 168 radio sources in the UMRAO data base, and the observation time coverage of the radio light curves is from 0.1 year for 1217+023 to 33.8 years for 1226+023 (3C 273). When the power spectral periodicity analysis method was adopted to the 4.8GHz, 8.0GHZ, and 14.5GHz light curves for the 168 sources, 203 astrophysically meaningful periods ( FAP < 0.50 and Tms < 2 3 ObT) were obtained for 66 sources (see Table 1 ). The periods are different from one source to another, which is from 2.2 years for 0454-234 at 4.8 GHz to 20.8±1.2 years for 1641+399 at 8.0 GHz. There is no clear possible period sign found for the other 102 sources for which either the FAP is greater than 0.5 for the period or the period is 2/3 times longer than the observation time coverage (see Table 1 , the superscript "F" means the period is not a physically meaningful one (FAP > 0.5 or Tms > ObT), and the superscript "P" means it is a possible time scale (FAP < 0.5 and 2/3ObT < Tms < ObT)). Here, we take the periods with FAP > 0.5 to have no physical meaning. In addition, if the determined period is 2/3 times longer than the observation time coverage, we did not take it as a physically meaningful period either. It can be mentioned that from data that is pure noise, any method of period estimation will yield some false probabilities in the period range that is roughly equal to the length of the data samples, or somewhat smaller.
If we consider galaxie, FSRQs and BLs separately, we find that the physically significant periodicity at 8GHz are in the range of 2.2 to 20.8 years for FSRQs (55 physically meaningful periods for 34 objects) and from 2.5 to 18.0 years for BLs (27 physically meaningful periods for 17 objects). However, there is no physically significant periodicity found for galaxies. The average value of the periodicity is 8.9 ± 4.0 years for FSRQs and 8.1 ± 3.4 years for BLs. In Table 2 and Fig 4, we can see that RMSD and NVA for galaxies are lower than those for FSRQs and BLs. It is interesting that the sources with physically meaningful periods have higher RMSD and NVA.
Our results are also consistent with the results obtained by Ciaramella et al. (2004) , who have analyzed the periodicity from the high-frequency radio data. The physically meaningful period histogram at 8GHz for the subclass samples of BLs and FSRQs are shown in Fig. 5 . There is no clear difference in the possible periodicity distribution as shown in Fig. 6 , in which the Kolmogorov-Smirnov (K-S) test indicates that the probability for the possible periodicity distributions of BL Lac objects and FSRQs coming from the same parent distribution is greater than 68.2%. If the possible periodicity is associated with the central structure, namely associated with the central black-hole mass, then the similar possible periodicity distribution for FSRQs and BLs should suggest that their central black-hole masses show a similar distribution. In fact, no clear difference was found in the central black-hole masses of BLs and FSRQs (Fan, 2005b) .
From the sources listed in Sect. 4.1, we can see that the periods found in the optical bands were not always consistent with those found in the radio bands. Some sources show similar radio and optical variability periods: 0735+178 show a significant radio period of 13.5 ± 0.9 years and two possible radio periods of 12.9±0.9 and 15.0±1.2, and an optical period of 14.2 years, 0754+100 shows a possible radio period of 15.0 ± 3.6 years and an optical period of 17.85 years, 1253-055 shows radio periods of 7.1 to 7.4 years and an infrared period of 7.1 ± 0.44 years for instance. Meanwhile some others show different possible periods(OJ 287, 1226+023(3C 273), 2200+420 for instance. This difference is perhaps from the fact that the light curves used for the possible periodicity analysis were not long enough in some sources, or the variation in the radio bands and optical bands were caused by different mechanisms as noticed in the case of OJ 287, and the observed optical outbursts were not correlated with those observed in the radio band (Takalo, 1998) . For some cases, it is possible that the lack of agreement between optical and radio possible periods is due to the fact that one or the other is spurious, just due to noise.
For AGNs, the variability mechanism is not yet well understood. Some models have been proposed to explain the optical long-term possible periodic variations: the binary black-hole model, the thermal instability model, and the perturbation model (Fan, 2005a) . The promising models are the binary black-hole model and the perturbation model. The helical jet related with the binary black holes have been used to explain the optical variability behavior for the objects (3C 345, OJ 287, BL Lacertae, and PKS 0735+178). It has been claimed that the possible periodicity in the historical light curves also show helical trajectories in their VLBI radio components (Villata & Raiteri, 1999) . In this sense, one would expect similar possible periodicity behavior in optical and radio bands, which has been confirmed for many sources in our analysis. In the radio bands, the variability is explained by various mechanisms (Ciaramella et al., 2004) such as shocks in jets, changes in the direction of forward beaming, and precession in a binary black-hole system (Marscher & Gear, 1985; Aller et al., 1985; Camenzind & Krockenberger, 1992; Begelman et al., 1980; Rieger & Mannheim, 2000 .
The variability parameters viz. variability index VI, normalized variability amplitude NVA, and RMSD are listed in the Table 2 , in which W stands for the whole sample. These parameters show that the sources are variable, and NVA and RMSD are correlated. On the other hand, no correlation was found in the VI parameter with NVA or RMSD (see Table 3 , Fig. 3 ). This suggests that NVA and RMSD are more reliable for the variability indication than the VI. Therefore, we suggest using NVA and RMSD for indicating variability violence, if possible. It is also easily found that the variability parameter at higher frequency is greater than those in the lower frequency.
However, for the correlation between the variability parameter and the flux density, we found that the relationship between the source brightness and NVA and/or RMSD is not as close as the one between the source flux density and VI (see Fig. 4 and Table 4 ). We think that the correlation between the source brightness and VI is an apparent result, since the VI and the brightness (namely the averaged flux density) are more associated with the maximum flux density when the difference between the maximum and the minimum is big enough, which will result in an apparent correlation. Therefore, we do not think that there is a correlation between the brightness and the variability in the radio bands.
When we considered BLs and FSRQs separately, we found that the NVA and RMSD of BLs are larger than those of FSRQs, and the NVA and RMSD of BLs and FSRQs are larger than those of galaxies. This finding suggests that BLs are more variable than FSRQs in the radio bands. In addition, there is a tendency for the variability parameter to increase with the frequency for the whole sample and the individual BLs and FSRQ sub-samples. This tendency is also found in the optical bands.
In the present paper, the power spectral (Fourier) periodicity analysis method was adopted to a large sample of radio sources given in UMRAO. The results show that the possible periodicity is present in the range of 2.2 to 20.8 years for 66 radio sources. BLs are more variable than FSRQs and the variability parameters depend on the frequency.
